Background: Data relating to hospital admissions of very young children for wheezing illness have been conflicting. Our primary aim was to assess whether a previous increase in hospital admissions for lower respiratory illness had continued in young Swedish children. We have included readmissions in our analyses in order to evaluate the burden of lower respiratory illness in very young children. We have also assessed whether changes in the labelling of symptoms have affected the time trend.
Background
An increase in childhood wheezing has been seen in western countries over the last forty to fifty years [1] . The declining trend for hospital admissions among older children over the last decade can probably be explained by an improvement in the management of asthma [2] . The data relating to hospital admissions among very young children are, however, conflicting. Hospital admissions for asthma [3, 4] , wheezing symptoms [5] and lower respiratory illness [6] have increased in young children in the Nordic countries, whereas a declining trend was demonstrated in Canada [7] and Scotland [2] . Hospital admissions are more likely in boys but gender does not appear to affect the risk for re-admission [8] .
Wheezing symptoms in early childhood are usually induced by viral infections. Asthma and wheezing bronchitis or bronchiolitis are partly overlapping entities in this age group. In this study, we have analysed the time trends in Sweden for hospital admissions and re-admissions for childhood asthma, acute bronchitis or bronchiolitis and pneumonia by gender and age at first admission, in particular admissions before 12 months of age. Our primary aim was to assess whether the previous increase in hospital admissions for lower respiratory illness had continued in young Swedish children. We have included re-admissions in our analyses in order to evaluate the burden of lower respiratory illness in very young children. We have also assessed whether changes in the labelling of symptoms have affected the time trend. Finally, we have analysed whether other acute illnesses in childhood have a similar trend.
Methods
This retrospective, population based study included all children under nine years of age admitted to any hospital in Sweden with a diagnosis of asthma, bronchitis/bronchiolitis or pneumonia during the study period 1987-2000. Data were obtained from the Swedish Hospital Discharge Register, which contains information on age, gender, medical diagnosis, date of admission, date of discharge and the personal identification code, which is unique to each citizen in Sweden. The register covers more than 98% of all hospital admissions in Sweden [9] . The study period included a change from the ninth revision of the International Classification of Diseases (ICD-9) to the tenth revision (ICD-10) in 1997. A diagnosis of asthma comprised the following codes in 1987-1996 (ICD-9): 493A, 493B, 493X, while in 1997-2000 (ICD 10) they were J45 and J46. The corresponding codes for bronchitis and bronchiolitis were 466, 490, 491C and 491X in 1987-1996 and J20-J21, J40 and J42 in 1997-2000. In the case of pneumonia and bronchopneumonia, the codes were 480-486 and 487A in 1987-1996 The Swedish Hospital Discharge Register also provided information about all first hospital admissions before nine years of age (all diagnoses) and for first hospital admissions for gastroenteritis (008H-008W, 009 before 1997 and A08, A09 after 1996) and pseudocroup (464E before 1997 and J05.0 after 1996).
All the statistical analyses were conducted using the SAS version 8.2 statistical package (SAS Institute AB).
When studying age-specific trends, the number of children hospitalized for lower respiratory illness was related to the total number of children in Sweden in the corresponding age group. The rates were calculated as the number of first admissions per 1,000 children. When analysing trends for re-admissions, the rates were defined as the number of re-admissions per birth year. We have only included children with a first admission before 12 months of age and a re-admission within one year from the date of discharge.
Linear regression estimates of slopes with a 95% CI (confidence interval, estimated using a multiplicative model assumption) were used to describe the historical time trend for first-time admissions for lower respiratory illness. To test for trends for re admissions, linear regression analysis was performed with re-admission rate as dependent variable and year of birth as the independent variable.
To describe the risk of re-admission as a function of time from the first admission, a survival function was performed using the Kaplan-Meier method.
To test for associations in fluctuations between admission rates, re-admission rates and age in days at first admission, a linear regression line was fitted to each of the variables with year of birth as the independent variable. The purpose of fitting a linear regression line was to obtain an estimation of the yearly deviations (residuals) from the overall trend. Pearson correlation coefficients with a 95% CI between each pair of admission rates, re-admission rates and number of days to first admission were estimated using the residuals. Residuals were also re-calculated as the relative deviation from the fitted line instead of the absolute, in order to obtain an estimation independent of the level of the trend.
Results

Time trend first hospital admissions (all age groups)
Despite the substantial fluctuations over time for children hospitalised for lower respiratory illness, differences in time trends between the four age groups were apparent. First admissions for lower respiratory illness increased for boys and girls in the youngest age group (Fig. 1) . On average, the yearly increase was 3.8% (95% CI 1.3-6.3) for boys and 5.0% (95% CI 2.4-7.6) for girls. No change was observed in the second age group (12 months-23 months). The admission rates decreased in children aged two years or more. There were no statistically significant differences in trend between boys and girls in any age group (p>0.05 for interaction term). However, admissions for lower respiratory illness were more common among boys than girls, particularly in the youngest age group where the admission rates were 59% (95% CI 44-73) higher on average for boys than girls.
Hospital admissions before one year of age There were substantial differences between first admission rates for asthma and pneumonia compared with bronchitis after 1996 (Fig. 2) . From 1996 to 1997, asthma admission rates among boys decreased from 15/1,000 to 11/ 1,000 in children aged less than one year. Admissions for pneumonia displayed the same trend as asthma, with a decrease from 14/1,000 to 8/1,000. By contrast, first admissions for bronchitis increased from 14/1,000 to almost 23/1,000. The corresponding rates for girls were 8/ 1,000 and 5/1,000 for asthma, 12/1,000 to 7/1,000 for pneumonia and 8/1,000 and 17/1,000 for bronchitis. These changes in admission rates coincided with the change from ICD9 to ICD10.
The increase in admissions for lower respiratory illness among children in the youngest age group cannot be explained by a general increase in hospital admissions. First hospital admissions for gastroenteritis and pseudocroup decreased in all age groups, even in children below 12 months of age. Admissions for croup declined from 16/1,000 in 1987 to 5/1,000 in 2000 for boys and from 10/1,000 to 2/1,000 for girls. For gastroenteritis, the corresponding numbers were 15/1,000 to 10/1,000 for boys and 13/1,000 to 8/1,000 for girls. The total number of admissions (all diagnoses) declined between 1987 and 2000 from 250/1,000 to 220/1,000 for boys and from 200/1,000 to 150/1,000 for girls. Time trend in first admissions for asthma, bronchitis/bronchiolitis and pneumonia before one year of age Figure 2 Time trend in first admissions for asthma, bronchitis/bronchiolitis and pneumonia before one year of age.
Re-admissions in children with a first admission before one year of age The risk of a child being re-admitted for lower respiratory illness decreased with time from the first admission. Almost 50 per cent of the re-admissions for wheezing illness had occurred within two months and 90% within 9 months. Fig. 3 shows the trend in re-admissions for asthma, bronchitis and pneumonia among boys and girls. The trend was significantly declining for asthma (p = 0.001 in boys and p = 0.004 in girls) and bronchitis (p = 0.04 in boys). The decrease in asthma was most apparent between 1992 and 1993. The average re-admission rate for asthma in boys was 28% between 1987 and 1992 and 20% between 1993 and 1999. For girls, the corresponding numbers were 23% and 17%. Re-admissions were more likely among boys (p = 0.007 in asthma and p = 0.001 in bronchitis). The differences in re-admissions between boys and girls were reduced in recent birth cohorts.
A correlation was observed between annual fluctuations in first admissions, re-admissions and age at first admission (Fig. 4) . Peaks in first admissions for lower respiratory illness coincide with reversed peaks in re-admissions and age at first admission. The correlations between admission rates/1,000 population and re-admission rates were -0.93 (95% CI -0.98, -0.78) for boys and -0.89 (95% CI -0.97, -0.65) for girls. The correlations between admission rates/1,000 population and age in days at first admission were -0.69 (95% CI -0.91, -0.20) for boys and -0.76 (95% CI -0.93, -0.33) for girls.
The consumption of inhaled steroids was fairly low in Sweden before 1986. A substantial increase in the delivery of inhaled steroids occurred in all age groups between 1987 and 1999 according to data from the Department of Drug Statistics, National Corporation of Swedish Pharmacies, Stockholm (Table 1) .
Discussion
Our study covers all hospital admissions for wheezing illness in Sweden from 1987 through 2000, in all more than 80,000 first admissions. Differences in diagnostic routines between different hospitals and doctors are balanced by the very large data set in the Swedish Hospital Discharge Register. In conformity with other register studies [5] [6] [7] 10] , however, this study has certain limitations. The analyses are descriptive and restricted to the number of variables included in the registers. We have no information at an individual level on e.g. treatment or symptoms scores at admission. Therefore, we have to be cautious in the interpretation of our findings.
Hospitalisation for lower respiratory illness is a significant health care problem. First admissions for lower respiratory illness before one year of age have almost doubled over a period of thirteen years. A previous Swedish study indicated that the rise in hospitalisation started much earlier. A twofold increase in the hospitalisation rate for lower respiratory disease in children aged less than 12 months occurred in Stockholm between 1973 and 1991 [6] .
Wheezing episodes during infancy are usually triggered by respiratory syncytial virus (RSV) infections. The fluctuations in hospitalisation rates from year to year are probably explained by recurrent RSV epidemics. We found that children tended to be younger at first admission and had fewer re-admissions in peak years. Re-admissions were more likely in children who had been admitted for asthma. Our findings are consistent with other studies showing that RSV-associated hospitalisations are more common in children younger than 6 months [11] . Only a subgroup of children with RSV-bronchiolitis will develop asthma [12] . Our survey also indicates that a diagnostic shift occurred in Sweden when the 10th revision of the International Classification of Diseases was introduced in 1997. The increase in first hospitalisation for lower respiratory illness after 1996 could be almost exclusively attributed to bronchitis/bronchiolitis, whereas hospitalisation rates for asthma and pneumonia had started to decline.
An upward trend for hospitalisation in very young children has also been reported from other countries in Europe and North America. A tenfold rise in hospitalisation for asthma was demonstrated in children aged less than two years between 1988 and 1997 in Kuopio, Finland. Observations from the USA and the Netherlands suggest that the increase in hospitalisation for wheezing illness has been caused by RSV bronchiolitis rather than asthma. Nationally representative data from the USA revealed that hospital admissions for bronchiolitis doubled between 1980 and 1996, whereas admissions for other lower respiratory tract diseases remained fairly stable [11] . A substantial increase in hospitalisation for bronchiolitis but no change in asthma hospitalisations was seen in the Netherlands in children aged 0-4 years from 1991 to 1999 [13] . A downward trend for hospitalisation for asthma in children below four years of age has been reported from Canada [7] and Scotland [2] , but the authors did not discuss the trend for bronchitis and bronchiolitis in these papers. Our observations from Sweden suggest, firstly, that all forms of lower respiratory illness have to be included in trend assessments, since changes in diagnostic criteria will affect the trend for asthma. Secondly, the youngest children (particularly those less than one year of age) have to be analysed separately.
Time trend in re-admissions inside one year from first admission Figure 3 Time trend in re-admissions inside one year from first admission. First admission before 12 months.
Fluctuations in admission peaks, re-admission rates and age at first admission for lower respiratory illness Figure 4 Fluctuations in admission peaks, re-admission rates and age at first admission for lower respiratory illness. A recent population-based study from the UK suggested an increase in all forms of wheezing disorder in very young children. The increase included non-atopic and virally-induced symptoms. There is no evidence of an increase in viral infections in very young children. An increase or change in responsiveness to viral infections is far more likely [14] . The causes of the increase in reactivity in very young children are so far uncertain. We have recently analysed the determinants of early hospitalisation for wheezing illness among children in Sweden [15] . Hospitalisation for wheezing illness was associated with young maternal age, low gestational age, low birth weight, number of older siblings and maternal smoking. Exposure to maternal smoking during pregnancy has been halved over the last fifteen years in Sweden and other factors are fairly stable. The risk of hospitalisation for wheezing illness is high in very premature children, but the number of children is small and does not affect the total hospitalisation rates. Bottle-feeding [16] and day-care attendance [17] are other important determinants of virally-induced wheezing during early childhood. However, breast-feeding rates are high in Sweden and very few children in Sweden start day care before one year of age.
More aggressive strains of RS virus could help to explain a rising admission trend, but an increase in the severity of lower respiratory symptoms has not been reported and readmissions are declining. Changes in admission criteria are also less plausible. It has been suggested that the increased use of pulse oximetry monitoring has contributed to more hospital admissions among children with bronchiolitis in the USA [11] . However, the increase in admissions in Sweden started long before the introduction of pulse oximetry. A shift has occurred in Swedish paediatric hospital care from in-patient to out-patient settings. Hospital admissions are declining for acute illnesses such as gastroenteritis and pseudocroup. The rise in admissions for lower respiratory illness coincided with the fall in admissions for croup. Falling admissions for croup were observed in all age groups. It is likely that successful out-patient care of children with croup has reduced the need for admission [18, 19] .
The declining hospitalisation rate for asthma in children aged >2 years has been related to an increased prescription of inhaled steroids after 1985 [5, 10] . In contrast, first hospital admissions for lower respiratory illness were still rising in children under one year of age despite an increased use of anti-inflammatory treatment also in this age group. Most prescriptions of inhaled steroids occurred to children aged one year or more. The effect of inhaled steroids on viral-induced wheezing in toddlers has been controversial [20] . Inhalation treatment is also more complicated in young children and poor compliance may contribute to a poor therapeutic response [21] . However, maintenance treatment with inhaled steroids could prevent symptoms in very young children [22] . A recent study from the Netherlands suggested that prescription of inhaled steroids at discharge reduced the risk for re-admission [23] . Therefore, it is possible that an increased use of inhaled steroids has contributed to the fall in re-admissions for asthma in children with first admission during infancy.
In agreement with other studies, we found that a major part of all re-admissions occurred within a few months after discharge [8, 23] . Re-admissions for asthma and bronchitis were more likely in boys. This finding is difficult to explain. Previous studies in other countries do not indicate that male gender should be a risk factor for readmission [2, 4, 8, 23] . However, the time trend suggested that the differences in re-admission rates between boys and girls tend to disappear also in Sweden.
Conclusions
This study illustrates the burden of lower respiratory illness in very young children. First hospital admissions for lower respiratory illness before one year of age have been doubled in Sweden between 1987 and 2000. Diagnostic criteria for asthma and bronchitis are less distinct in young children. Changes in the labelling of wheezing symptoms may complicate comparisons in trends. A diagnostic shift appeared to occur in Sweden, when ICD-10 was introduced in 1997. Hospital admissions for asthma and pneumonia stabilised whereas the rise of admissions for bronchitis continued. Increasing hospitalisation rates for lower respiratory illness could be related to an increase in susceptibility and a change in responsiveness to viral infections in very young children. A reduced admission threshold is less likely since re-admissions are declining and hospital admissions for other acute illnesses are falling. The reasons for an increased reactivity to viral infections are so far uncertain. The rise of lower respiratory illness in Sweden has occurred despite a substantial decline in maternal smoking, a high breast feeding rate and very few children in day care before one year of age.
